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PLANT FOR VACUUM COATING OF OBJECTS TREATED IN BATCHES 

DESCRIPTION 

5 Technical field 

The present invention relates to a plant for metallization and 
deposition of a protective coating, both performed in a vacuum, and more 
particularly to a plant for the treatment of objects in batches, i.e. in which 
there Is provided a vacuum chamber inside which the objects to be treated 
0 are arranged, supported and/or constrained on special part-carrying 
devices, so as to be subjected to the metallization or coating treatments. 
Once the process has been carried out, the vacuum chamber is opened in 
order to extract the treated objects and replace them with other objects to 
be treated. 
5 State of the art 

Vacuum plants for the deposition of vaporized metal and plasma- 
energized protective layers on the internal and external surfaces of 
objects which require a high degree of uniformity and finishing quality are 
known. 

These systems according to the prior art typically include a vacuum 
chamber of medium to large dimensions, a spacious movable or 
transportable rack for supporting a plurality of objects to be treated inside 
the chamber, means for moving the objects loaded onto the supports 
which are transported inside and outside the chamber, a plant for the 
production of vaporized metal and a supply of protective substance - such 
as a monomer - which is vaporized and deposited on the metallized 
surfaces. 

After performing metallization by means of vaporization of metal (for 
example aluminum) bars inserted inside the vacuum chamber, the objects 
are coated with a polymer film obtained by means of introduction of 
suitable products which are blown inside the vacuum chamber and which 
are deposited on the surface of the metallized objects, resulting in 
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polymerization and crosslinking. In some cases a similar treatment is also 
performed before metallization. 

The use of a plasma created inside the vacuum chamber in the 
vicinity of the metallized objects is also typically used in order to energize 
the liquid monomer vaporized inside the vacuum chamber, so as to 
facilitate a uniform protective coating applied onto the objects. 

The quality which is obtained in plasma coating technology for 
energization and application of the liquid monomer depends on the 
^p05ition~n5fniT5~lli5Clw 
monomer inside the vacuum chamber. In the prior art the spraying of the 
monomer occurs in a peripheral zone of the vacuum chamber, while the 
plasma source is positioned in another location, typically in a central zone 
inside the vacuum chamber. Therefore the vaporized liquid monomer 
entering the vacuum chamber must first be directed toward the plasma 
and then energized and diffused inside the vacuum chamber. This 
arrangement results in a premature and non-uniform deposition of the 
liquid monomer on the surface of the objects before it is completely 
energized by the plasma, partly negating the reason for which this 
arrangement is created inside the vacuum chamber. 

US-A-4,842,893 describes a process and a plant for coating inside 
a vacuum chamber which allows a very rapid treatment and high level of 
finish to be obtained- This plant is designed for the continuous treatment 
of a plastic film or other substrate in sheet form and is not suitable for use 
in the treatment of products in batches. 

US-A-5,895,531 describes a plant for the treatment of products in 
batches for metallization and deposition of the protective polymer film. In 
this plant an elongated cavity formed by an opening provided in the side 
wall of the vacuum chamber is envisaged. The latter is a vacuum chamber 
with a cylindrical extension and horizontal axis, inside which a carriage 
which supports the part-carrying device is inserted. 

The cavity is therefore positioned in the peripheral zone of the 
vacuum chamber and substantially outside the main volume thereof. The 
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cavity contains the high-voltage discharge electrode consisting of a 
conducting bar • located on the tangent to the wall of the vacuum chamber 
- and the monomer spraying device. 

US-A-5, 970,908 describes an apparatus which envisages 
positioning the discharge electrode for the production of plasma along an 
opening formed on the side wall of the vacuum chamber in a position 
tangential to the wall itself, this opening being equipped with a housing in 
the form of a cylinder segment which projects outside and which internally 
encloses the discharge electrode and the monomer spraying device. In 
this case also the positions of the discharge electrode and the spraying 
device are peripheral. 

The configurations described above lead to a qualitative 
improvement in the protective film compared to the conventional 
arrangement which envisages an approximately central position of the 
discharge electrode and a peripheral position of the monomer spraying 
device. In fact, however, this qualitative improvement in the film is 
accompanied by a worsening as regards the productivity of the plant, i.e. 
the duration of each treatment cycle. 

Indeed, such peripheral positioning of the assembly consisting of 
the discharge electrode and the monomer spraying device results in a 
very small volume which is affected by atomization of the energized 
monomer, with the consequent need to perform repeated passes over all 
the parts within the range of action of the device in question. A limited 
angle of action of the device thus located in an offset position results in 
the need for each part to pass several times in front of the housing of the 
device in order for the whole of its surface to be treated. In order to obtain 
more rapid treatment and therefore a reduction in the cycle times, it is 
necessary to arrange along the periphery of the vacuum chamber several 
discharge electrodes and several monomer diffusers, with a consequent 
increase in cost and complexity. 
Objects and summary of the invention 

The present invention proposes providing a plant which is able to 
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overcome this limitation in the process for deposition of the protective film 
on a number of parts treated in batches. In fact, owing to a particular 
configuration of the vacuum chamber and the arrangement inside it of the 
metallization and coating means, the plant according to the invention is 
5 able to ensure polymer coating of the parts treated inside the vacuum 
chamber which is qualitatively better and the possibility of treating several 
parts simultaneously using relatively short cycles, with clear advantages 
for the production speed. In practice, owing to the invention it is possible 
to improve the quality of the protective film, obtaining a treatment speed 
1 0 which is higher than that of the prior art. 

According to a first aspect, the present invention therefore 
envisages a plant comprising: 

- a fixed body cooperating with at least one closing element, the 
closing element and the fixed body forming, in the closed condition, a 

15 vacuum chamber containing at least one support member or part-carrying 
system for supporting and moving the parts to be treated inside the 
chamber; 

- associated with the support member, a series of electrified bars 
for supplying electric energy to vaporization sources, in which the metal to 

20 be vaporized inside the vacuum chamber is placed; 

- at least one high-voltage discharge electrode for the production of 
plasma; 

- a diffuser for vaporizing or in any case diffusing suitable products 
for the production of polymer film or the like; 

25 - a housing, preferably with an arched shape, for housing the 

assembly comprising the discharge electrode and the diffuser, arranged 
inside the vacuum chamber, in an approximately central position, i.e. 
inside the carousel itself, for example and especially close to the 
longitudinal axis of the vacuum chamber, which may coincide with the axis 

30 of rotation of the part-canying system. 

"Position inside the chamber" is understood as meaning a position 
in the volume inside the perimetral wail of the chamber and preferably 
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inside the volume occupied by the arrangement of the part-carrying 
devices mounted on the part-carrying system. Differently from that 
described in US-A-5,895,531 and in US-A-5,970,908, therefore, the 
diffuser and the discharge electrode are not located inside a niche formed 
in the perimetral wall, but inside the volume of the chamber, being 
protected and partially surrounded by the housing, consisting for example 
of a section in the form of a cylindrical surface. The discharge electrode 
and/or the diffuser may be integrally enclosed inside the volume 
surrounded by the housing, which generally has the form of a wall having 
a concave surface and a convex surface, forming a screen. However, it is 
also possible for one or both of these elements to project at least partly 
from the volume defined and enclosed by the housing. For example, the 
electrode could project at least partly from a semi-cylindrical volume 
defined and delimited by the wall forming the housing, although preferably 
both the elements are contained inside the volume defined by the housing 
itself. 

Further advantageous features and embodiments of the plant 
according to the invention are indicated in the accompanying dependent 
claims and will be described in detail with reference to a non-limiting 
embodiment illustrated in the accompanying drawings. 

The invention may be applied both to a plant with a chamber having 
a horizontal ax^s and frontally closing hatch and to plants with a vertical 
axis and especially plants with a double hatch. 

According to a further aspect of the present invention, when the 
plant is of the vertical axis type, with a vacuum chamber formed by a fixed 
body and by at least one closing hatch, it is envisaged that, alongside the 
seal, between the fixed part of the vacuum chamber and the closing 
hatch, at least one housing having the form of a cylinder segment is 
arranged, said housing containing a discharge electrode - preferably 
arranged along the axis passing through the center of the cylinder of 
which the housing forms a segment - for forming the plasma, and a 
diffuser, preferably of tubular shape extending parallel to the conductor. 
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but in a more peripheral - i.e. radially more external - position, inside the 
housing, for the distribution, inside the vacuum chamber, of a product 
suitable for forming the protective coating of the metallized objects. The 
diffuser - which will be advantageously equipped with calibrated holes of 
5 variable diameter in order to compensate for the drop in pressure inside it 
- is thus located in a zone of the vacuum chamber not far from the 
electrode. 

As a result of the arrangement according to the present invention it 
is possible to optimize the quality of the protective polymer layer and - 
10 owing to the approximately central position of the diffuser and the 
electrode which are protected and partially surrounded by the housing • 
increase the visibility of the parts by the device in question in the sense 
that a greater area of the part-carrying device falls inside the range of 
action of the diffuser. Basically, owing to this arrangement, there is a 

15 widening in the effect of the device which - in the prior art - suffered from 
the limited action of the diffuser on the parts of the batch to be treated and 
this resulted in a slower polymerization coating process. The diffuser may 
be single and extend over the necessary length or also two or more 
diffusers may be envisaged, where necessary each provided also with a 

20 single diffusion hole. Moreover, it is possible to envisage, inside the 
volume contained in the housing, a second diffuser for a different 
substance. The first diffuser may be able to diffuse a monomer intended 
for polymerization and/or crosslinking so as to form the protective film on 
the parts being processed, while the second diffuser may be used to 

25 diffuse a gas, for example argon or nitrogen, or air. This introduction of 
gaseous substance may serve for various purposes, for example for a so- 
called ion cleaning step, i.e. cleaning of the surface of the parts to be 
treated. In this function the diffuser arranged according to the invention is 
able to achieve, also for ion cleaning, the advantages which with the 

30 configuration in question are obtained for polymerization treatment. The 
introduction of gas into the vacuum chamber may also be performed 
during metallization, i.e. during vaporization of the metal bars inserted 
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inside the vacuum chamber, in order to reduce, with the presence of the 
gas molecules, the mean path of the vaporized metal particles. 

In a preferred embodiment of the invention the housings containing 
discharge electrode and diffuser may be two in number, located offset on 
5 the closing rabbet of the vacuum chamber in lateral positions with respect 
to the center. 

In general, the housing may consist of a wall or a screen with 
cylindrical surfaces. "Cylindrical surface" is understood as meaning any 
lined surface defined by generatrix lines substantially parallel to each 
0 other and emerging from a directrix line. The directrix may be an arc of a 
circumference lying in a plane perpendicular to the direction of the 
generatrices, in which case the surface will be a straight circular cylindrical 
surface. However, the directrix could also have a different shape, for 
example an arc of an ellipse, a hyperbola or a parabola. 
5 Further features associated with the form and the arrangement of 

this housing for the discharge electrode and diffuser are indicated in the 
dependent accompanying claims and will be described in greater detail 
with reference to the appended drawings, illustrating an advantageous 
and non-limiting embodiment of the invention. 
Brief description of the drawings 

The invention will be better understood with reference to the 
description and the attached drawing which shows a practical non-limiting 
embodiment of the invention. More particularly, in the drawing: 

Fig. 1 shows a front view of a vacuum chamber formed by a fixed 
body which is closed alternately by one or other of two closing hatches 
which are hinged on two opposite sides of the fixed body itself, each hatch 
being equipped with a respective part-carrying carousel; 
Fig. 2 shows a plan view along 11-11 of Fig. 1 ; 

Fig. 3 shows a plan view, on a larger scale, of one of the closing 
hatches shown in Rg. 2; 

Fig. 4 shows a detailed plan view of the device according to the 
invention comprising the housing, the discharge electrode and the 
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diffuser; 

Fig. 5 shows a side view and partial longitudinal section through a 
plant with a horizontal chamber; and 

Fig. 6 shows a cross section along VI-VI in Fig. 5. 
5 Detailed description of the preferred embodiments according to the 
invention 

Figs. 1 and 2 show the general layout of a plant for vacuum 
metallization of objects treated in batches, of the vertical axis type, to 
which the present invention is applied. As mentioned, this is only one of 
0 the possible configurations of the plant to which the invention may be 
ajDplied. 

Generally the plant, denoted overall by 1, has a central body 3 
which defines a portion of a cylindrical vacuum chamber with a vertical 
axis. Two closing hatches, indicated by 11A and 11B, are hinged on the 

5 two sides of the fixed central body 3, by means of hinges 9. In a manner 
known per se, the hatches 11 A, 11B are closed alternately against the 
body 3 so as to complete and close the vacuum chamber which is 
therefore defined by the internal zone of the fixed body 3 and by the 
internal zone of one or other of the two hatches 11 A, 11B. While the 

0 chamber is closed by one of the two hatches, the other hatch is accessible 
for discharging the parts treated during the previous cycle and insertion of 
parts to be treated in the cycle following the current treatment cycle. 

As can be seen in particular in Fig. 2, the planwise extension of the 
closing hatches 1 1 A, 1 1B is greater than the extension of the central body 

5 3, such that the geometrical axis of the cylindrical vacuum chamber is 
located on the portion of the vacuum chamber formed by the closing hatch 
11A or 118 which is in the closed condition. This allows assembly, inside 
each hatch, of a part-carrying system, indicated below as part-carrying 
support carousel, to which the objects or parts to be metallized are 

Q constrained. The carousel is indicated by 15. The carousel rotates about 
the axis A-A of the vacuum chamber and carries - in a manner known per 
se - rods parallel to the axis of rotation and rotating about their axis, such 
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that the parts are moved with a planetary motion about the main axis A-A. 

Electrified bars 111 associated with the respective hatch are 
arranged inside the vacuum chamber and are supplied with low-voltage 
current In a manner known per se vaporization means are connected to 
5 the electrified bars 111 and are heated by the Joule's effect and heat to 
- the vaporization temperature bars of metal, typically aluminum, inserted in 
said means. 

The electrified bars are supported by the closing hatches 11 A. 11B 
and are placed in electrical connection with a low-voltage current source 
10 by means of electrical contacts. A first series of fixed electrical contacts 
101 is attached to the fixed body 3 of the plant, while another series of 
movable electrical contacts 103 is associated with each of the closing 
hatches 11 A, 11B and is electrically connected to the electrified bars of 
the hatch itself. A fixed electrical contact 172 and a movable electrical 
15 contact 167 are arranged alongside the electrical contacts 101 and 103 for 
supplying the electrode 5B of each hatch 1 1 A. 1 1 B with a high voltage. 

The hinges 9 allow the closing hatches 11A and 118 to be 
alternately moved toward and to be sucked against the fixed body 3, so as 
to define the vacuum chamber. After closing of either one of the two 
20 hatches, the fixed and movable electrical contacts are brought into contact 
with each other and closed so as to energize the electrified bars 111. In 
other configurations the hatches are associated with the fixed body in a 
different manner, for example by means of guides along which they are 
moved toward the fixed body, or are mounted on rotating carousels which 
25 move toward the fixed body one or other of at least two hatches. 

The configuration described hitherto is known per se. 
As can be seen in particular in Figs. 1 and 2, across the base or 
bottom of each of the two hatches 1 1 A and 1 1 B there extends a shaft 1 6, 
the axis of which coincides with the geometric axis of the cylindrical 
30 vacuum chamber which is defined when the respective hatch 11A or 1 1B 
is closed against the fixed body 3, this shaft 15 forming the rotational shaft 
for the part-carrying carousel 15 which is hinged on this shaft so that the 
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racks constrained to them perform a planetary rotational movement about 
the central axis of the vacuum chamber, i.e. each rack performs a 
rotational movement about the central axis of the vacuum chamber and a 
simultaneous rotation about its axis. 
5 Each of the hatches 11A and 11B has, associated with it, an 

assembly comprising a discharge electrode 5B and a diffuser 5A for 
introducing inside the vacuum chamber a substance which is deposited on 
the metallized objects and is polymerized so as to form a protective film. 
The discharge electrode 5B in the form of an elongated bar extending 
10 from the top of the respective hatch 11 A, 118 downward and the diffuser 
58 are contained in a housing 5 supported by the respective hatch. 

The assembly consisting of discharge electrode 58 and diffuser 5A 
with the housing 5 are shown in detail in the cross section according to 
Fig. 4. As can be seen in Fig. 4, the housing 5 has the form of a straight 

15 circular cylinder segment. The discharge electrode 58 is located along the 
axis of the cylinder of which the housing forms a segment- It extends 
longitudinally along approximately the whole axis of the cylinder, i.e. over 
approximately the entire height of the carousel 15. In a peripheral position, 
i.e. radially spaced from the cylinder axis, the diffuser 5A is arranged 

20 Inside the housing 5. 

The diffuser 5A consists of a tubular diffuser which extends from a 
top end to a bottom end parallel to the axis of the cylindrical surface 
defined by the housing 5 and to the discharge electrode 58. The top end 
is connected to a duct supplying the product to be diffused inside the 

25 vacuum chamber, while the bottom end is closed. Calibrated holes F (Fig. 
4) for outflow of the product are provided along the longitudinal extension 
of the tubular diffuser 5A. The holes have a diameter gradually increasing 
from the top end to the bottom end in order to compensate for the losses 
in head along the tubular diffuser itself. 

30 The tubular diffuser 5A and the discharge electrode 58, as well as 

the housing 5, are provided with suitable constraining devices by means 
of which they are constrained to the hatch 1 1 . 
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As can be seen from Figs. 1 and 2, the location, inside the vacuum 
chamber, of the housing 5 for the assembly consisting of discharge 
conductor 5B and diffuser 5A is such that it does not occupy the zone of 
the internal volume of the vacuum chamber itself, which is formed when 
the hatch 11 A or 11 B is closed against the fixed body 3 of the plant, in 
which the parts to be treated are arranged. 

A second diffuser, indicated by 5C in broken lines in Fig. 4, may be 
arranged inside the space protected by each housing 5, by means of 
which diffuser an inert gas, for example argon, may be blown into the 
vacuum chamber using a technique known per se. 

Figs. 5 and 6 show an embodiment of the invention with a plant 
with a horizontal chamber. The plant, which is again generally indicated by 
1 , has a vacuum chamber formed by a body 3 and having a substantially 
cylindrical internal shape with a horizontal axis A-A. The chamber has a 
bottom 3A and a facing closing hatch 38 which is hinged about a 
horizontal axis. 

Guides 101 for insertion and extraction of a part-carrying system, 
again indicated by 15 and coaxial with the vacuum chamber 3 and 
rotatable about the axis A-A of the chamber itself, are arranged inside the 
vacuum chamber. 

In the example shown, a wall forming a housing 5 of substantially 
semi-cylindrical shape, inside the volume of which a diffuser 5A and a 
discharge electrode 58 are arranged, extends from the end 3A of the 
vacuum chamber. The elements 5, 5A and 58 are substantially equivalent 
to the corresponding elements described with reference to Figs. 1 to 4. In 
an alternative configuration they may be supported by the part-carrying 
system 15. Moreover, again by way of alternative to the configuration 
shown, the hatch 38 could be integral with the part-carrying system 15 
and movable therewith. In this case the arrangement of the elements 5, 
5A, 58 could be supported by the hatch itself. 

In the various possible configurations of the plant, also more than 
one assembly 5, 5A, 58 (and if necessary 5C) may be accommodated 
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inside the vacuum chamber, said assemblies being substantially parallel 
to each other and if necessary oriented differently so as to act on several 
portions of the internal volume of the vacuum chamber In this way a 
further reduction in the times of each processing cycle is obtained, 
5 In the various configurations, the plasma may be of any type, 

generated by a direct current, alternating current, radiofrequency, 
microwave or other source. 

It is understood that variations and modifications may be made to 
the invention, without thereby departing from the scope of the idea 
10 underlying the invention itself. The presence of any reference numbers in 
the accompanying claims has the purpose of facilitating reading thereof in 
the light of the preceding description and attached drawings, but does not 
limit in any way the scope of protection defined by the claims. 



